The concept of very weak solution introduced by Giga (Math Z 178: 1981) for the Stokes equations has hardly been studied in recent years for either the Navier-Stokes equations or the Navier-Stokes type equations. We treat the stationary Stokes, Oseen and Navier-Stokes systems in the case of a bounded open set, connected of class C 1,1 of R 3 . Taking up once again the duality method introduced by Lions and Magenes (Problèmes aus limites non-homogènes et applications, vols. 1 & 2, Dunod, Paris, 1968) and Giga (Math Z 178:287-329, 1981) for open sets of class C ∞ [see also chapter 4 of Necas (Les méthodes directes en théorie des équations elliptiques. (French) Masson et Cie, Éd., Paris; Academia, Éditeurs, Prague, 1967), which considers the Hilbertian case p = 2 for general elliptic operators], we give a simpler proof of the existence of a very weak solution for stationary Oseen and Navier-Stokes equations when data are not regular enough, based on density arguments and a functional framework adequate for defining more rigourously the traces of non-regular vector fields. In the stationary Navier-Stokes case, the results will be valid for external forces not necessarily small, which lets us extend the uniqueness class of solutions for these equations. Considering more regular data, regularity results in fractional Sobolev spaces will also be discussed for the three systems. All these results can be extended to other dimensions.
Introduction and notation
Let be a bounded open set of R 3 with boundary . In this work, we are interested in some questions concerning the Navier-Stokes equations:
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where u denotes the velocity and q the pressure and both are unknown, f the external forces, h the compressibility condition and g the boundary condition for the velocity, the three functions being known. The vector fields and matrix fields (and the corresponding spaces) defined over or over R 3 are respectively denoted by boldface Roman and special Roman.
In the case of incompressible fluids, h = 0, it has been well-known since Leray [28] (see also [29] ) that if f ∈ W −1, p ( ) and g ∈ W 1−1/ p, p ( ) with p 2 and for any i = 0, . . . , I ,
where i denotes the connected components of the boundary of the open set , then there exists a solution (u, q) ∈ W 1, p ( ) × L p ( ) satisfying (NS). In [37] , Serre proved the existence of a weak solution (u, q) ∈ W 1, p ( ) × L p ( ) for any 3 2 < p < 2 when h = 0 and g satisfies the above conditions. More recently, Kim [26] improves Serre's existence and regularity results on weak solutions of (NS) for any 3 2 p < 2 (including the case p = 3 2 ), when the boundary of is connected (I = 0), provided h is small in an appropriate norm (due to the compatibility condition between h and g, then g is also small in the corresponding appropriate norm).
On the other hand, the notion of very weak solutions (u, q) ∈ L p ( ) × W −1, p ( ) for Stokes or Navier-Stokes equations corresponding to very irregular data has been developed in the last years by Giga [22] (in a domain of class C ∞ ), Amrouche and Girault [5] (in a domain of class C 1,1 ) and more recently by Galdi et al. [21] , Farwig and Galdi [18] (in a domain of class C 2,1 , see also Schumacher [36] ) and Kim [26] (in a domain of class C 2 ). In this context, the boundary condition is chosen in L p ( ) (see Brown and Shen [13] ) or more generally in W −1/ p, p ( ). For the non-stationary case, the existence, uniqueness and regularity of very weak solutions for the Navier-Stokes equations have been investigated (among other authors) by Amann [2, 3] . In this work, we again take up the method developed in [7] , where the existence of very weak solutions for the stationary Stokes equations in a half-space for weighted Sobolev spaces was established.
The purpose of our work is to develop a unified theory of very weak solutions of the Dirichlet problem for Stokes, Oseen and Navier-Stokes equations (and also for the Laplace equation), see Theorems 2 and 4. One important question is to rigorously define the traces of the vector functions which are living in subspaces of L p ( ) (see Lemmas 12 and 13). We prove the existence and regularity of very weak solutions (u, q) ∈ L p ( ) × W −1, p ( ) of Stokes and Oseen equations for any 1 < p < ∞ with arbitrarily large data belonging to some Sobolev spaces of negative order. In the case of Navier-Stokes equations, the existence of a very
